Deoxyribonucleic acid (DNA) was extracted from two strains of Thermomonospora, two strains of Thermoactinopolyspora and one thermophilic strain of Streptosporangium. Base compositions were determined from ' melting-temperatures ' (Tm) and, in two cases, from buoyant density. DNAs from both Thermoactinopolyspora strains and one Thermomonospora strain were of similar base composition to those previously reported for mesophilic actinomycetes. The other Thermomonospora strain and the Streptosporangium strain, both of which had higher temperature requirements and tolerance for growth, possessed DNA of lower GC content. These findings are discussed in relation to phylogeny, thermophily and the universality of the genetic code.
INTRODUCTION
Increasing importance is currently being given to the base compositions of deoxyribonucleic acids (DNA) as a useful adjunct to taxonomic studies (see Marmur, Falkow & Mandel, 1963 , for a recent review). Organisms of the Order Actinomycetales so far studied all possess DNA rich in guanine+cytosine (GC; Table 1 ). However, these data include no thermophilic actinomycetes. Here we report the base compositions of DNA from five thermophilic actinomycetes; three had yo GC values in the range of those given in Table 1 , but two possessed very different base ratios.
METHODS

Organisms.
The strains of actinomycetes used in this study are listed in Table 2 , together with their temperature requirements for growth. Morphological and physiological characterization of strain 5 (Thermomonospora sp.) as reported by Craveri & Farina (1963) and Kuster & Locci (1963) ; those of strains 7 (Thermomonospora s~. ) and 11 (a thermophilic Streptosporangium sp.) by Craveri & Manachini (1965); those of strains 6 and 10 (both ThermoactinopoZyspora sp.) by Craveri & Pagani (1962) . The genus Thmmoactinopolyspora is considered to be closely related to the genus Thermopolyspora (Henssen, 1957) .
Cultivation of organisms. Cultivation temperatures and media used for each strain are included in Jones & Bradley, 1964 (Tm values only given in this paper; yo GC obtained by extrapolation 5. . 6. Schildkraut et al. 1962 in a manner similar to that of , taking E. coli = 50% GC).
reciprocal shaker. Mycelia were collected by centrifugation after 10-15 hr growth of second stage cultures, thus facilitating subsequent lysis (Frontali, Hill & Silvestri, 1965 DNA base ratios of thermophilic actinomycetes 337 Bacteriophage LP7 DNA was used as reference (1.740 g./~m.~). % GC was calculated from p according to the equation: p = 1*660+0.098(GC); (Schildkraut, Marmur & Doty, 1962) .
RESULTS
Tm values and calculated yo GC values of the DNA preparations are given in Since this result might have been due to the presence of an unusual base in the DNA, substituting for either adenine, thymine, guanine or cytosine, the two DNA preparations were further examined for their buoyant density in ultracentrifugation. These results are also included in Table 3 . The buoyant density result for strain 7 confirms very closely the Tm result, whereas the difference of &7y0 GC between values calculated from Tm and from buoyant density for strain 11 is comparable with the systematic differences previously observed (Frontali et al. 1965) . Both Tm and buoyant density values indicate that these two DNA preparations had unusually low GC contents relative to the three thermophilic actinomycetes and other members of Actinomycetales.
DISCUSSION
The present results raise a series of questions about the phylogeny of thermoactinomycetes and the universality of the genetic code. It is generally accepted that bacteria with widely different DNA base compositions are phylogenetically heterogeneous (Marmur et al. 1963 ; Sueoka, 1964 : Silvestri & Hill, 1964 . According to this view, independent origin from the other actinomycetes would be postulated for the two thermophilic strains found here, from Tm and buoyant density measurements, to possess DNA of unusually low GC content, and they must consequently represent a striking case of morphological evolutionary convergence. We have
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R. CRAVERI AND OTHERS recently described another situation of morphological resemblance between bacteria with very different DNA base compositions. Grampositive catalase-positive cocci had base ratios either in the range 31-36 % GC or in the range 69-75 % GC. However, it was not difficult to imagine that morphological convergence had occurred and that the coccus form, the most simple of morphological forms, had been acquired independently by bacteria of diverse origin. Moreover, taxometric studies had also revealed two distinct groups (Hill, 1959 ; Hill et al. 1965) , which corresponded to the base-composition groups. To propose that strains 7 and 11 are of independent origin from the other actinomycetes, and have come to resemble the latter through morphological convergence, meets with greater difficulty in view of the greater morphological differentiation of such organisms. Moreover, Weed ( From the morphological and physiological characters taken into consideration by taxonomists of actinomycetes, the two thermophilic strains of low GC content are similar to corresponding mesophilic strains (Craveri & Manachini, 1965) . This similarity, together with considerable differences in DNA base composition, is difficult to understand in terms of the universality of the genetic code, yet may find an explanation in terms of the degeneracy of the code. DNA base compositions of 70-75% GC on the one hand and 4540% GC on the other, suggest that the proteins must also be very different. Thus it is surprising to find identical structures of such relative complexity as the fruiting bodies of actinomycetes. However, since the code is degenerate (Crick, 1963 ) the hypothesis could be advanced that, in the case of strains 7 and 11, more AT-rich triplets have been selected to code for the same or similar proteins than are coded for by synonymous, but GC-rich, triplets in other actinomycetes. This hypothesis could be tested experimentally by comparing, proteins from both these thermophilic actinomycetes and mesophilic strains.
Another interesting question is whether the low values of % GC found for strains 7 and 11 are connected in some way with their greater thermophily ( Table 2) , for it is interesting to note that two other thermophilic bacterial species have also been reported to possess DNA base ratios similar to those found here for strains 7 and 11 (Bacillus steurothermophilus, 44% GC, Marmur & Doty, 1962; Clostridium nigrijcum, two strains, 45 yo GC, Saunders, Campbell & Postgate
1964).
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